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I,  INTRODUCTION 


Liquid  propellants  have  been,  and  are,  a  subject  of  active  study  at  the 
Ballistic  Research  and  other  Laboratories  for  a  number  of  years.  A  review 
paper  has  been  written^  and  several  recent  papers  have  been  published^  but 
much  additional  and  important  work  is  constantly  appearing.  One  candidate 
system  chosen  for  extensive  study  is  identified  as  1845  which  is  a  homogeneous 
mixture  of  9.626  M  hydroxyl ammonium  nitrate  (HAN),  1.380  M  triethanolammonium 
nitrate  (TEAN)  and  13.644  M  water.  This  mixture  of  nitrate  salts  has  the 
appearance  of  an  aqueous  solution  but  has  properties  more  closely  akin  to 
molten  salts.  To  formulate  this  system,  concentrated  solutions  of  HAN  were 
prepared  by  vacuum  evaporation  techniques  and  it  was  soon  found  that  HAN,  at 
room  temperature,  was  miecible  with  water  in  all  proportions.  This  is  a 
unique  solubility  characteristic  for  a  nitrate  salt  that  has  allowed 
fundamental  physical  property  and  structure  studies  over  the  entire 
concentration  range  from  dilute  solutions  to  pure  salt.  The  thermal  response 
of  HAN  solutions  and  liquid  propellants  has  been  extensively  studied  using 
closed  bomb  techniques  at  low  loading  densities3  where  typically  two  or  less 
milliliters  have  been  placed  in  a  50  cm3  316  stainless  steel  AMINCO  bomb 


designed  to  withstand  100  MPa  (15  kpsi).  In  these  closed  bomb  studies  product 
gases  were  confined,  resulting  in  high  pressure  pulses  and  high  temperatures. 
Such  studies  offered  a  plethora  of  information,  but  the  thermal  response  of 
HAN  and  propellant  solutions  at  atmospheric  pressure  in  open  systems  has 
received  little  attention  and  this  paper  attempts  to  fill  this  void. 


II.  EXPERIMENTAL 

The  boiling  points  of  HAN  solutions  at  various  concentrations  were 
measured  at  atmospheric  pressure  by  placing  a  glass  enclosed  chromel-alumel, 
"type  K",  thermocouple  into  approximately  10  ml  of  solution  and  measuring 
response  on  a  10  mV  recorder  as  heat  was  supplied  to  a  30  ml  round  bottom 
flask  by  a  heating  mantle.  Temperatures  were  measured  to  within  a  quarter  of 
a  degree  centigrade.  Small  sample  volumes  and  semi-micro  glassware  were 
selected  to  limit  any  damoge  that  might  have  resulted  from  long  heating 
experiments  leading  to  a  "fizz"  reaction,  a  term  used  to  describe  an 
exothermal  excursion  consuming  all  starting  materials.  To  limit  possible 
damage,  heating  periods  were  limited  to  about  three  hours.  The  boiling  flask 
was  left  open  for  one  set  of  experiments  and  it  was  fitted  with  a  10  cm  long 
West  reflux  condenser  for  a  second  set  of  refluxing  experiments. 


III.  RESULTS 


A  typical  temperature  history  is  shown  in  Figure  I  for  refluxing  a  12.0  M 
HAN  solution.  In  these  experiments  a  small  amount  of  liquid,  termed  hold-up- 
volume,  accumulates  in  the  condenser  and  when  this  capacity  is  filled,  liquid 
returns  to  the  flask.  A  second  sample  of  12.48  M  HAN  was  refluxed  and  the 
flask  was  weighed  and  analyzed  before  and  after  a  2.5  hour  refluxing  period. 

At  the  start  of  the  experiment  the  refluxing  temperature  was  132*C  and 
remained  near  this  value  during  the  early  refluxing  time  period;  thereafter, 
the  temperature  decreased  slowly  and  was  129*C  at  the  end  of  the  experiment. 
Chemical  analysis  was  performed  by  Madelyn  Decker  of  our  Laboratory  who  also 
provided  the  HAN  solutions  used  in  this  study.  The  analyses  included  a  Karl 
Fisher  water  determination  and  a  basic  titration  using  tetrabutylammonium 
hydroxide  to  measure  HAN.  This  titration  would  have  shown  the  presence  of 
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strong  acids  but  none  were  found.  Neither  were  compounds  having  a  large  pK 
like  NHa.  Other  results  showing  depletion  of  HAN  and  the  concurrent 
production  of  water  are  given  in  Table  1.  The  slight  increase  in  the  weight 
of  water  shown  in  the  table  does  not  include  the  small  amount  required  to  fill 
the  hold-up-volume  of  the  condenser.  The  weight  changes  shown  in  the  table 
are  the  differences  between  averages  of  the  values  noted. 


B.P.' ■«  127 


0  2  4  6  8  10  12  14  16  18 

TIME,  MIN. 


Figure  1.  Temperature  History  of  12.48  M  HAN  Using  a  Reflux  Condenser 


Table  1.  Thermal 

Decomposition  of  12.48 

M  HAN  Solution 

Sample 

Weight  in  Grams 

Description 

Total 

HAN 

Water 

Before  Reflux 

12.4043 

9.6188 

2.4317 

9.7938 

2.4412 

After  Reflux 

11.6286 

9.1030 

2.5697 

9.0773 

2.5596 

Weight  Change 

-0.7757 

-0.6161 

♦0.1417 

These  experiments  show  but  s  6  percent  decrease  in  RAN  concentration  due 
to  prolonged  (2.5  hour)  refluxing  at  l 32— 1 29*C  with  a  very  small  amount  of 
water  production.  The  values  presented  in  Table  1  suggested  some  thermal 
decomposition  which  could  involve  gas  production.  With  this  in  mind,  the 
experiment  was  repeated  with  the  reflux  condenser  being  first  flushed  with 
helium,  and  the  gases  were  collected  over  water.  A  50  cur  buffer  volume  was 
placed  between  the  reflux  condenser  and  the  water  buret  such  that  pure  helium 
was  initially  displaced.  Data  are  presented  in  Figure  2.  At  early  times,  an 
inordinate  amount  of  gas  was  measured  as  a  result  of  expansion  of  the  vapors 
as  they  came  to  the  vessel's  temperature.  * 

Gas  samples  were  taken  at  the  exit  of  the  reflux  condenser  and  before  the 
gas  collection  system  for  analysis  by  gas  chromatography.  Samples  were  taken 
every  20  minutes.  The  gases  nitrogen,  N^ ,  and  nitrous  oxide,  N,0,  were  found 
in  the  molar  ratio  of  1:2,  a  result  previously  found  in  closed  bomb  studies 
for  the  "fizz  reaction".  Considering  the  total  volume  of  gas  produced,  about 
84  cm  ,  and  the  moles  of  HAN  removed,  0.0064  M,  one  sees  that  that  for  every 
mole  of  HAN  removed  about  0.39  M  N^O  and  0.19  M  N2  were  produced;  these  ratios 
are  also  in  accord  with  those  previously  reported.^ 

From  the  fact  that  the  HAN  solution  did  not  change  appreciably  during 
refluxing,  and  that  the  refluxing  temperature  was  nearly  constant  it  is 
concluded  that  the  boiling  point  was  measured.  It  was  thought  that  similar 
values  could  be  obtained  by  studying  an  open  (non-condenser)  system  and  the 
results  are  shown  in  Figure  3  where  the  sharp  change  in  slope  was  taken  as  the 
boiling  point.  The  agreement  between  the  two  techniques  was  adequate. 

Several  HAN  concentrations  were  evaluated;  boiling  points  for  the  different 
HAN  solutions  are  given  in  Table  2.  As  the  open  system  is  heated  longer, 
water  vapor  escapes  and  the  HAN  solution  becomes  more  concentrated.  This 
increase  in  concentration  induces  higher  boiling  points  and  «.his  temperature 
increase  promotes  the  rate  of  exothermic  chemical  reactions  as  indicated  by 
the  increasing  slope  before  145°C;  thereafter,  this  process  accelerates  even 
more  and  the  temperature  history  becomes  asymptotic  to  a  temperature  excursion 
near  but  less  than  200°C.  At  this  temperature  vigorous  reactions  take  place 
and  brown  fumes  are  observed;  obvious  indicators  of  what  is  normally  called  a 
"fizz  reaction". 

This  same  open  vessel  and  refluxing  technique  gave  a  boiling  point  of 
127*C  foi  the  propellant  1845. 
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Figure  2.  Total  Gas  Produced  While  Refluxing  12.48  M  HAN 


Table  2.  Boiling  Points  for  Different  HAN  Concentrations 


HAN 

Water 

Boiling  Point 

HAN 

M 

M 

*C 

Mole  Fraction 

0.0 

55.56 

100 

0.0000 

4.0 

43.72 

107 

0.1547 

9.0 

28.99 

115 

0.3831 

12.0 

20.16 

127 

0.5435 

12.48 

16.72 

132 

0.5848 

13.0 

17.21 

129 

0.6017 

13.0 

17.21 

134 

0.6017 

15.8 

8.97 

145 

0.7789 
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Figure  3.  Temperature  History  of  13.0  M  HAN  Heated  in  an  Open  Vessel 


IV.  DISCUSSION 

The  boiling  points  of  the  HAN  solutions  (Table  2)  have  been  evaluated  by 
the  Clausius-Clapeyron  equation  generally  applicable  to  dilute  (less  than  one 
molar)  solutions.  This  equation  relates  boiling  point  elevation,  T2~Tj ,  to 
the  heat  of  vaporization  of  the  solvent,  AHvap>  and  the  mole  fraction  of 
dissolved  species,  Xg  or  the  mole  fraction  of  water  Since  HAN  forms  two 

ions  in  solution,  the  coefficient  two  appears  in  the  equation  below  for  the 
mole  fraction  term. 


-In  (1-XB)  *  -In  [1  - 


(1) 


-lu  XA  =* 


L 

2n2+n 


-1 

1 


T  T 
2  1 


l 


where:  is  the  boiling  point  of  pure  water  and  Tj  is  boiling  point  of  the 

solution  m  degrees  K,  R  is  the  gas  constant;  1.987  cal  mole-*  degree-* *  and 
the  accepted  value  for  the  heat  cf  vaporization  for  water,  AHygp  is  9720  cal 
mole  degree"  .  n2  is  the  HAN  molar  concentration  and  n^  is  the  molar 
concentration  of  water. 

A  plot  of  AT/(T2Ti)  vs.  -In  (1-XB)  was  fitted  to  a  straight  line  whose 
slope  was  equated  to  R/(AHvap).  Linear  regression  gave  the  slope  from 
which  AHyap  f0r  the  solvent  water  was  calculated  to  be  10,162  cal  mole-* 
degree-*  with  a  standard  deviation  of  10%;  at  the  95  confidence  level  the 
deviation  is  greater.  This  construction  is  given  in  Figure  4  and  the  straight 
line  drawn  was  obtained  using  the  accepted  value  of  AHy  for  water.  The  data 
are  limited  bat  they  are  consistent  with  this  line. 
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Figure  4,  Evaluation  of  Soiling  Points  of  Different  Concentrations  of  HA’J 


It  is  surprising  that  the  heat  of  vaporization  of  water  can  be  estimated 
from  the  behavior  of  such  concentrated  solutions;  however,  from  vapor  pressure 
measurements  cf  propellant  solutions,  in  the  same  concentration  range,  AH, 
for  1845  and  1846  was  found  to  be  9842  and  9761  cal  mole-*  degree-*  by 
N.A.  Messina  of  Princeton  Combustion  Rersearch  Laboratories,  NJ,  whose  data 

has  been  previously  reported.  Moreover,  the  boiling  points  of  these _ 

propellants  were  predicted,  also  from  these  vapor  pressure  measurements,  to 
be  126.5  and  123. 7°C.  In  the  present  study  the  boiling  point  of  1845  was 
measured  to  be  127  ±  0.25  which  can  be  directly  compared  to  the  predicted 
value  of  126.5 °C. 

The  question  has  arisen  in  our  Laboratory  as  to  whether  the  boiling  point 
of  these  solutions  was  measured,  as  opposed  to  the  measured  temperature  being 
that  for  the  onset  of  gas  producing  reactions.  This  study  showed  that  the 
extent  of  chemical  reaction  was  small,  in  that  the  starting  materials 
decreased  by  a  small  amount  and  gaseous  products  were  also  produced  to  a 
limited  amount  even  after  prolonged  refluxing.  Further,  the  boiling  point 
data  appears  to  follow  a  linear  molar  relationship  over  the  concentration 
range  studied,  and  has  resulted  in  a  reasonable  value  for  the  heat  of 
vaporization  for  water.  Perhaps  the  most  satisfying  argument  is  the  agreement 
of  the  predicted  and  measured  boiling  points  for  propellant  1845. 

This  author  concludes  that  the  experiments  described  reflect  boiling 
phenomena  and  from  the  long  refluxing  experiment  total  gas  yields  are  giv.  i  in 
Figure  2.  This  data  has  been  replotted  as  a  first-  or  pseudo-  first  order 
reaction  :.n  Figure  5.  The  accelerating  nature  of  the  gas  production  may 
indicate  that  the  concentration  of  some  intermediate  is  increasing  as  a 
function  of  time.  One  possibility  would  be  strong  acid  build-up  but,  as 
mentioned,  none  was  detected.  Had  heating  continued  to  accelerate  the 
reaction,  then  at  later  times,  a  "fizz"  reaction  would  have  resulted.  The 
data  presented  is  too  singular  to  be  used  as  a  basis  for  a  kinetic  conclusion 
but  it  is  suggestive  of  an  area  worthy  of  further  study. 

The  reflux  and  open  vessel  boili'g  experiments  reflect  an  entirely 
different  environment  from  the  closed  bomb  work  described  previously  and  the 
similarity  of  the  gas  product  ratio  of  I^/^O  of  1/2  was  unexpected. 

As  a  final  aside  and  in  the  interests  of  safety,  it  is  pointed  out  that 
in  one  reflux  experiment  an  oxygen  delivery  tube  was  inserted  into  the  hot 
vapor  region  above  the  boiling  liquid  and  a  "fizz"  reaction  soon  resulted. 

This  effect  was  not  investigated  further  but  it  is  emphasized  that  refluxing 
data  were  obtained  in  a  helium  atmosphere. 

All  of  the  experiments  reported  in  this  paper  have  been  conducted  at 
atmospheric  pressure  and  in  open  vessels  where  gas  products  can  escape.  In 
contrast,  under  confined  conditions  HAN  solutions  have  been  extensively 
studied  in  closed  bombs  where  it  was  found  that  initiation  temperatures 
decreased,  from  200  to  120°C,  as  HAN  concentration  increased  from  2  to  13  M.^ 
These  different  relationships  reflect  vastly  different  transport  properties 
between  open  and  closed  systems  and  the  reader  is  cautioned  that  the  thermal 
characteristics  reported  for  HAN  solutions  should  not  be  scaled  or  applied  to 
any  but  identical  conditions.  Fven  though  boiling  points  and  initiation 
temperatures  have  been  cited,  they  reflect  experiments  conducted  in  relatively 
short  time  periods  and  the  experiments  do  not  relate  in  any  way  to  the 


1 


13 


REFERENCES 


1.  N.  Klein,  "Liquid  Propellants  For  Use  In  Guns-A  Review,"  BRL-TR-2641, 
Ballistic  Research  Laboratory,  Aberdeen  Proving  Ground,  MD,  February  1985. 

2.  Several  Papers  Proceedings  of  21,  22,  and  23  JANNAF  Combustion  Meetings, 
CPIA  Publication  Nos.  412,  432,  and  457,  October,  1984,  1985  and  1986. 

3.  N.  Klein  and  R.A.  Sasse',  "Ignition  Studies  of  Aqueous  Monopropellants 
(U),"  Confidential  ARBRL-TR-02232 ,  Ballistic  Research  Laboratory,  Aberdeen 
Proving  Ground,  MD,  April  1980. 

4.  M.M.  Decker  and  E.  Freedman,  "Analysis  of  HAN  Based  Liquid  Propellants," 
Proceedings  of  22nd  JANNAF  Combustion  Meeting,  CPIA  Publication  No.  432, 
October  1985. 

5.  N.  Klein,  "Preparation  and  Characterization  of  Several  Liquid 

Propellants,"  ARBRL-TR-0247 l ,  Ballistic  Research  Laboratory,  Aberdeen 
Proving  Ground,  MD,  February  1983.  . . 

6.  M.M.  Decker,  E.  Freedman,  N.  Klein,  C.S.  Leveritt,  and  J.Q.  Wojciechowski, 
"HaN-Based  Liquid  Gun  Propellants:  Physical  Properties,"  BRL-TR-2864, 
Ballistic  Research  Laboratory,  Aberdeen  Proving  Ground,  MD,  November  1987. 


DISTRIBUTION  LIST 


No.  Of 
Copies 


Organization 

Administrator 

Defense  Technical  Info  Center 
ATTN:  DTIC-FDAC 

Cameron  Station,  Bldg.  5 
Alexandria,  VA  22304-6145 


No.  Of 
Copies 


HQ  DA 

DAMA-ART-M 
Washington,  DC 


20310 


Commander 

US  Array  Maceriel  Command 
ATTN:  AMCDRA-ST 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333-0001 

C.I.A. 

01R/DB/ Standard 
CE47  HQ 

Washington,  DC  20505 

Commander 
US  Army  ARDEC 
ATTN:  S MCA R- MS I 

Dover,  NJ  07801-5001 

Commander 
US  Army  ARDEC 
ATTN:  SMCAR-TDC 

Dover,  NJ  07801 

Commander 

US  AMCCOM  ARDEC  CCAC 
Benet  Weapons  Laboratory 
ATTN:  SMCAR-CCB-TL 
Watervliet,  NY  12189-4050 

US  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  AMSMC- IMP-L 
Rock  Inland,  IL  61299-7300 

Commander 

US  Army  Aviation  Systems 
Command 

ATTN:  AMSAV-ES 
4300  Good  fellow  Blvd. 

St.  Louis,  MO  63120-1798 


Organizat ion 


Director 

US  Array  Aviation  Research 
and  Technology  Activity 
Ames  Research  Center 
Moffett  Field,  CA  94035-1099 

Commander 

US  Army  Research  Office 
ATTN:  R.  Ghirardelli 
D.  Mann 
R.  Singleton 
R.  Shaw 
P.0.  Box  12211 
Research  Triangle  Park,  NC 
27709-2211 

Commander 

US  Array  Communications  - 
Electronics  Command 
ATTN:  AMSEL-En 
Fort  Monmouth,  NJ  07703 

Commander 

CECOM  R&D  Technical  Library 
ATTN:  AMSEL-IM-L, 

Reports  Section  B.2700 
Fort  Monmouth,  NJ  07703-5000 

Commander 

Armament  R&D  Center 
US  Army  AMCCOM 
ATTN :  SMCAR-LCA-G , 

D.S.  Downs 
J .A .  Lannon 
Dover,  NJ  07801 

Commander 

Armament  R&D  Center 
US  Army  AMCCOM 
ATTN:  SMCAR-LC-G, 

L.  Harris 
Dover,  NJ  07801 

Commander 

Armament  R&D  Center 
US  Army  AMCCOM 
ATTN:  SMCAR-SCA-T, 

L.  Stiefel 
Dover,  NJ  07801 


BEST  AVAILABLE  COPY 


DISTRIBUTION  LIST 


No.  Of 

Copies  0 rganizr  cion 

1  Commander 

US  Army  Missile  Command 
Research,  Development  and 
Engineering  Center 
ATTN:  AMSMI-RD 
Redstone  Arsenal,  AL  35898 

!  Commander 

t'S  Army  Missile  and  Space 
Intelligence  Center 
ATTN:  AMSMI-YDL 
Redstone  Arsenal,  AL  35898-5000 

Commander 

us  Army  Missile  Command 
ATTN:  AMRMI-RK,  D.J.  Ifshin 
W.  Wharton 

Redstone  Arsenal,  AL  35898 

i  Commander 

CS  Army  Missile  Command 
ATTN:  AMSMI-RKA,  A.R.  Maykut 
Redstone  Arsenal,  AL  35898-5249 


No.  Of 

Copies  Organi zat 1 .n 

1  Office  of  Naval  Research 
Department  of  the  Navy 
ATTN:  R.S.  Miller,  Cade  ■ 
800  N.  Quincy  Street 
Arlington,  VA  22217 

1  Coisnander 

Naval  Air  Systems  Command 

ATTN:  J.  Ramnarace, 
AIR-54111C 

Washington,  DC  20360 

2  Commander 

Naval  Ordnance  Station 
ATTN:  C.  Irish 

P.L,  Stang,  Code  TP 
Indian  Head,  MD  20640 

1  Commander 

Naval  Surface  Weapons  Ct  :f  ,• 
ATTN:  J.L.  East,  Jr.,  0-2  s 
Dahlgren,  VA  22443-5000 


Commander 

US  .Army  Tank  Automotive 

Command 

ATTN:  AMSTA-TSL 
Warren,  MI  48397-5000 


2  Commander 

Naval  Surface  Weapons  Cent  ■ 
ATTN:  R.  Bernecker,  R- 1 3 
G.B.  Wilmot,  R-ln 
Silver  Spring,  MD  2090.'-  i. 


& 

h 


% 

L'« 


i 


Di  rector 

!,S  Army  TRADOC  Systems 
Analysis  Center 
All.,.  AT  JR-  i  3L 
'vhite  Sands  Missile  Range, 

'M  '’31107-6  602 

Common  Lint 

c  A  -pi"  Infantry  School 
•>r:N:  AT  SH-CD-CS-OR 

*de;m  i  ng ,  CA  31905-5400 

••a  ini!'*r 

•>  At—iy  Development  and 
iei,»  i  oyment  Agency 
I  M* :  M01>I.-0R0 

Rort  Lewis,  WA  98433-4000 


18 


Commander 

Naval  Weapons  Center 
ATTN:  R.L.  Derr,  Code  Tv 
China  Lake,  CA  93555 

Commander 

Naval  Weapons  Center 
ATTN:  Code  3851  ,  T.  iii,  , 
K.J.  Graham 
China  Lake,  C.A  9.3<i> 

Commander 

Naval  Research  Labor  a  , 
ATTN:  M.C.  r.in 

J.  McDonald 
E.  Oran 
J.  Shner 

R.J.  Doyle,  Cod:  •; 

Washington,  DC  20374 


best  available  copy 


J.V'.'* 


DISTRIBUTION  LIST 


No.  Of 
Copies 


Organization 

Commanding  Officer 
Naval  Underwater  Systems 
Center  Weapons  Dept. 

ATTN:  R.S.  Lazar/ Code  36301 
Newport,  RI  02840 

Superintendent 
Naval  Postgraduate  School 
Dept,  of  Aeronautics 
ATTN:  D.W.  Netzer 
Monterey,  CA  93940 

AFRPL/DY,  Stop  24 
ATTN:  R.  Corley 
R.  Ceisler 
J.  Levine 
D.  Weaver 

Edwards  AFB,  CA  93523-5000 

AFRPL/MKPB,  Stop  24 
ATTN:  B.  Coshgarian 
Edwards  AFB,  CA  93523-5000 

AFOSR 

ATTN:  J.M.  Tishkoff 
Bolling  Air  Force  Base 
Washington,  DC  20332 

AFATL/DOIL  (Tech  Info  Center) 
Eglin  AFB,  FL  32542-5438 

Air  Force  Weapons  Laboratory 

AFWL/SUL 

ATTN:  V.  King 

Kirt land  AFB,  NM  87117 

NASA 

Langley  Research  Center 
Langley  Station 
ATTN:  G.B.  Northam/MS  168 
Hampton,  VA  23365 

National  Bureau  of  Standards 
ATTN:  J.  Hastie 
M.  Jacox 
T.  Kashiwagi 
H.  Semerjian 

US  Department  of  Commerce 
Washington,  DC  20234 


No.  Of 
Copies 


Organization 

0SD/SDI0/UST 
ATTN:  L.H.  Caveny 
Pentagon 

Washington,  DC  20301-7100 

Aerojet  Solid  Propulsion  Co. 
ATTN:  P.  Micheli 
Sacramento,  CA  95813 

Applied  Combustion 
Technology,  Inc. 

ATTN:  A.M.  Varney 
P.O.  Box  17885 
Orlando,  FL  32860 

Applied  Mechanics  Reviews 
The  American  Society  of 
Mechanical  Engineers 
ATTN:  R.E.  White 
A.B.  Wenzel 
345  E.  47th  Street 
New  York,  NY  10017 

Atlantic  Research  Corp. 

ATTN:  M.K.  King 
5390  Cherokee  Avenue 
Alexandria,  VA  22314 

Atlantic  Research  Corp. 

ATTN:  R.H.W.  Waesche 
7511  Wellington  Road 
Gainesville,  VA  22065 

AVCO  Everett  Rsch.  Lab.  Div. 
ATTN:  D.  Stickler 
2385  Revere  Beach  Parkway 
Everett,  MA  02149 

Battel le  Memorial  Institute 
Tactical  Technology  Center 
ATTN:  J.  Huggins 
505  King  Avenue 
Columbus,  OH  43201 

Cohen  Professional  Services 
ATTN:  N.S.  Cohen 
141  Channing  Street 
Redlands,  CA  92373 


i 


DISTRIBUTION  LIST 


No.  Of 
Copies 


Organization 

Exxon  Research  &  Eng.  Co. 
Government;  Research  Lab 
ATTN :  A .  Dean 
P.0.  Box  48 
Linden,  NJ[  07036 

i. 

I.  .  • 

Ford  Aerospace  and 
Communications  Corp. 
DIVAD  Division 
Div.  Hq. ,  [Irvine 
ATTN:  D.  'Williams 
Main  Streqt  &  Ford  Road 
Newport  Bqach,  CA  92663 
| 

General  Applied  Science 
Laboratories,  Inc. 

ATTN:  J.J.  Erdos 
423  Merrick  Avenue 
Uestbury,  NY  11590 
| 

General  Electric  Armament 
&  Electrical  Systems 
ATTN:  M.J .  Bulman 
Lakeside  ^venue 
Burlington,  VT  05401 

General  Electric  Company 
2352  Jade [Lane 
Schenectady,  NY  12309 

j 

General  Electric  Ordnance 
Systems 

ATTN:  J .  Mandzy 
100  Plastics  Avenue 
Pittsfield,  MA  01203 

t 

General  Motors  Rsch  Labs 
Physics  Department 
ATTN:  T.  Sloan 
R.  Teets 

Warren,  MI  48090 

Hercules,  Inc. 

Allegany  Ballistics  Lab. 
ATTN:  R.R.  Miller 
E.A.  Yount 
P.0.  Box  210 
Cumberland,  MD  21501 


20 


No.  Of 

Copies  Organization 

1  Hercules,  Inc. 

Bacchus  Works 
ATTN:  R.P.  McCarty 
P.O.  Box  98 
Magna,  UT  84044 

1  Honeywell,  Inc. 

Government  and  Aerospace 
Products 

ATTN:  D.E.  Broden/ 

MS  MN50-2000 
600  2nd  Street  NE 
Hopkins,  MN  55343 

1  IBM  Corporation 

ATTN*  A.C.  Tam 
Research  Division 
5600  Cottle  Road 
San  Jose,  CA  95193 

1  I  IT  Research  Institute 
ATTN:  R.F.  Remaly 

10  West  35th  Street 
Chicago,  IL  60616 

2  Director 
Lawrence  Livermore 

National  Laboratory 
ATTN:  C.  Westbrook 
M.  Costantino 
P.O.  Box  808 
Livermore,  CA  94550 

1  Lockheed  Missiles  &  Space  Co. 

ATTN :  George  Lo 
3251  Hanover  Street 
Dept.  52-35/B204/2 
Palo  Alto,  CA  94304 

1  Los  Alamos  National  Lab 

ATTN:  B.  Nichols 
T7,  MS-B284 
P.O.  Box  1663 
Los  Alamos,  NM  87545 

1  National  Science  Foundation 

ATTN:  A.B.  Harvey 
Washington,  DC  20550 


:Ar^>.V7rf\.V.*AkV.V.-A.V.V.V.*<\V.VvV.-,*.'AY.V.V.-ys.VwV'. 


* 

i 

{ 

> 

4 

V 

I 

5 


i 

V 

\ 

s 

> 

n 


v 

■3 


% 

s 

V 


V 

V 
% 
% 
% 
% 
% 
* 


? 

: 

i 

i 

s 

f* 

A 


.  DISTRIBUTION  LIST 


No.  Of 

Copies  Organization 

1  Olin  Corporation  | 

Smokeless  Powder  (Operations 
ATTN:  V.  McDonald 
P.0.  Box  222 

St.  Marks,  FL  32355 

I  . 

1  Paul  Gough  Associates,  Inc. 
ATTN:  P.S.  Gough 

1048  South  Street 
Portsmouth,  NH  03801 

| 

2  Princeton  Combustion 

Research  Laboratories,  Inc. 
ATTN:  M.  Summerfield 
.  N.A.  Messina 
475  US  Highway  One 
Monmouth  Junction1,  NJ  08852 

1  Hughes  Aircraft  Company 

ATTN:  T.E.  Ward  j 
8433  Fallbrook  Avenue 
Canoga  Park,  CA  ,  91303 

1  Rockwell  International  Corp. 

Rocketdyne  Division 
ATTN:  J.E.  Flanagan/HB02 
6633  Canoga  Avenue 
Canoga  Park,  CA  J  91304 

4  Sandia  National  Laboratories 

Combustion  Sciences  Dept. 
ATTN:  R.  Cattolica 
S.  Johnston 
P.  Mat  tern 
0.  Stephenson 
Livermore,  CA  9,4550 

1  Science  Applications,  Inc. 

ATTN:  R.B.  Edelman 
23146  Cumorah  Crest 
Woodland  Hills,  CA  91364 

1  Science  Applications,  Inc. 

ATTN:  H.S.  Pergament 
1100  State  Road,  Bldg.  N 
Princeton,  NJ  08540 


No.  Of 

Copies  Organization 

3  SRI  International 

ATTN:  G.  Smith 

D.  Crosley 
D.  Golden 

333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 

l  Stevens  Institute  of  Tech. 

Davidson  Laboratory 
ATTN:  R.  McAlevy,  III 
Hoboken,  NJ  07030 

1  Textron,  Inc. 

Bell  Aerospace  Co.  Division 
ATTN:  T.M.  Ferger 
P.0.  Box  1 
Buffalo,  NY  14240 

1  Thiokol  Corporation 

Elkton  Division 
ATTN:  W.N.  Brundige 
P.0.  Box  241 
Elkton,  MD  21921 

1  Thiokol  Corporation 

sville  Division 
AITN:  R.  Glick 
Huntsville,  AL  35807 

3  Thiokol  Corporation 

Wasatch  Division 
ATTN:  S.J.  Bennett 
P.0.  Box  524 

Brigham  City,  UT  84302 

1  TRW 

ATTN:  M.S.  Chou 
MSR1-1016 
1  Parke 

Redondo  Beach,  CA  90278 

l  United  Technologies 

ATTN:  A.C.  Eckbreth 
East  Hartford,  CT  06108 


21 


5 


DISTRIBUTION  LIST 


No.  Of 
Copies 


Organization 


United  Technologies  Corp. 
Chemical  Systems  Division 
ATTN:  R.S.  Brown 

T.D.  Myers  (2  copies) 
P.0.  Box  50015 
San  Jose,  CA  95150-0015 

United  Technologies  Corp. 
ATTN:  R.S.  Brown 

R.O.  McLaren 
P.O.  Box  358 
Sunnyvale,  CA  94086 

Universal  Propulsion  Company 
ATTN:  H.J.  McSpadden 
Black  Canyon  ftage  1 
Box  1140 

Phoenix,  AZ  85029 

Veritay  Technology,  Inc. 

ATTN:  E.B.  Fisher 
4845  Millersport  Highway 
P.O.  Box  305 

East  Amherst,  NY  14051-0305 

Brigham  Young  University 
Dept,  of  Chemical  Engineering 
ATTN:  M.W.  Beckstead 
Provo,  UT  84601 

California  Institute  of  Tech. 
Jet  Propulsion  Laboratory 
ATTN:  MS  125/159 
4800  Oak  Grove  Drive 
Pasadena,  CA  91103 

California  Institute  of 
Technology 

ATTN:  F.E.C.  Culick/ 

MC  301-46 
204  Karman  Lab. 

Pasadena,  CA  91125 

University  of  California, 
Berkeley 

Mechanical  Engineering  Dept. 
ATTN:  J.  Daily 
Berkeley,  CA  94720 


No.  Of 
Copies 


Organization 

University  of  California 
Los  Alamos  Scientific  Lab. 
P.O.  Box  1663,  Mail  Stop  B216 
Los  Alaaos,  NM  87545 

University  of  California, 
Santa  Barbara 
Quanto*  Institute 
ATTN:  K.  Schofield 
M.  Steinberg 

Santa  Barbara,  CA  93106 

University  of  Southern 
California 
Dept,  of  Chemistry 
ATTN:  S.  Benson 
.  C.  Wit tig 

Los  Angeles,  CA  90007 

Case  Western  Reserve  Univ. 
Div.  of  Aerospace  Sciences 
ATTN:  J.  Tien 
Cleveland,  OH  44135 

Cornell  University 
Department  of  Chemistry 
ATTN:  T.A.  Cool 
Baker  Laboratory 
Ithaca,  NY  14853 

Univ.  of  Dayton  Rsch  Inst. 
ATTN:  D.  Campbell 
AFRPL/PAP  Stop  24 
Edwards  AFB,  CA  93523 

University  of  Florida 
Dept,  of  Chemistry 
ATTN:  J.  Winefordner 
Gainesville,  FL  32611 

Georgia  Institute  of 
Technology 
School  of  Aerospace 
Engineering 
ATTN:  E.  Price 

W.C.  Strahle 
B.T.  Zinn 

Atlanta,  GA  30332 


DISTRIBUTION  LIST 


No.  Of 

Copies  Organization 

1  University  of  Illinois 

Dept,  of  Mech.  Eng. 

ATTN:  H.  Krier 
144MEB,  1206  W.  Green  St. 
Urbana,  IL  61801 

1  Johns  Hopkins  University/APL 

Chemical  Propulsion 
Information  Agency 
ATTN:  TiW.  Christian 
Johns  Hopkins  Road 
Laurel,  MD  20707 

1  University  of  Michigan 

bao  uynamics  Lab 
Aerospace  Engineering  Bldg. 
ATTN:  G.M.  Faeth 
Ann  Arbor,  MI  48109-2140 

1  University  of  Minnesota 

Dept,  of  Mechanical 
Engineering 
ATTN:  E.  Fletcher 
Minneapolis,  MN  55455 

3  Pennsylvania  State  University 

Applied  Research  Laboratory 
ATTN:  K.K.  Kuo 

H.  Palmer 
M.  Micci 

University  Park,  PA  16802 

1  Polytechnic  Institute  of  NY 
Graduate  Center 

ATTN:  S.  Lederman 
Route  110 

Fartningdale,  NY  11735 

2  Princeton  University 
Forrestal  Campus  Library 
ATTN:  K.  Brezinsky 

I.  Glassman 
P.0.  Box  710 
Princeton,  NJ  08540 

1  Princeton  University 

MAE  Dept. 

ATTN:  F.A.  Williams 
Princeton,  NJ  08544 


23 


No.  Of 

Copies  Organization 

1  Purdue  University 

School  of  Aeronautics 
and  Astronaut ics 
ATTN:  J.R.  Osborn 
Grissom  Hall 

West  Lafayette,  IN  47906 

1  Purdue  University 
Department  of  Chemistry 
ATTN:  E.  Grant 

West  Lafayette,  IN  47906 

2  Purdue  University 
School  of  Mechanical 

Engineering 

ATTN:  N.M.  Laurendeau 
S.N.B.  Mur thy 
TSPC  Chaffee  Hall 
West  Lafayette,  IN  47906 

1  Rensselaer  Polytechnic  Inst. 

Dept,  of  Chemical  Engineering 
ATTN:  A.  Fontijn 
Troy,  NY  12181 

1  Stanford  University 

Dept,  of  Mechanical 
Engineering 
ATTN:  R.  Hanson 
Stanford,  CA  94305 

l  University  of  Texas 

Dept,  of  Chemistry 
ATTN:  W.  Gardiner 
Austin,  TX  78712 

1  University  of  Utah 

Dept,  of  Chemical  Engineering 

ATTN:  G.  Flandro 

Salt  Lake  City,  'JT  84112 

1  Virginia  Polytechnic 

Institute  and 
State  University 
ATTN:  J .A.  Schetz 
Blacksburg,  VA  24061 


! 

I 


i 


> 

( 

t  „ 

) 


* 

l 


I 

» 

f , 

-  V  V.V.V.V.V.V.  <.  v. 


WWkTWKW  AkTUWft  JO.  »>  JOJW  J.TUTUVJI  W  V"J<VVVV'>V  ■>  V  ">  V 


>  V 


DISTRIBUTION  LIST 


No.  Of 
Copie 8 


Organization 

Commandant 
USA FAS 

ATTN:  ATSF-TSM-CN 

Fort  Sill,  OK  73503-5600 


Aberdeen  Proving  Ground 

Dir,  USAMSAA 
ATTN:  AMXSY-D 

AMXSY-MP,  H.  Cohen 
Cdr,  USATECOM 
ATTN:  AMSTE-SI-F 
Cdr,  CROC,  AMCCOM 
ATTN :  SMCCR-RSP-A 
SMCCR-MU 
SMCCR-SPS-IL 


v.v.v.v.v  v.v  w  v  v  /  v  >  v 


>  V  V  V«  ' 


24 


v  •/  J>  -j.  w*  *  j<  * 


l'  ^  lT  W"  Wl  W»  1/ 


